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NATIONAL FOREWORD 

This Indian Standard which is identical with lEC Pub 1 1 94 (1 992) Characteristic parameters of stand 
alone photovoltaic (PV) systems issued by the International Electrotechnicai Commission was 
adopted by the Bureau of Indian Standards on the recommendation of the Solar Photovoltaic Energy 
Systems Sectional Committee (ETD 28) and approval of the Electrotechnicai Division Council. 

This standard defines the parameters which describe stand alone Photovoltaic Systems and assist 
in its performance analysis. The text of lEC Standard has been approved as suitable for publication 
as Indian Standard without deviations. Certain terminology and conventions are however not 
identical to those used in Indian Standards. Attention is particularly drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this standard, they should 
be read as 'Indian Standard". 

b) Comma (,) has been used as a decimal marker while in Indian Standards, the current practice 
is to use a point (.) as the decimal marker. 

Only the English language text in the international standard has been retained while adopting it in 
this Indian Standard. 

For the purpose of deciding whether a particular requirement of this standard is complied with, the 
final value, observed or calculated, expressing the result of a test, shall be rounded off in accordance 
with IS 2 : 1 960 'Rules for rounding off numerical values {revised)'. The number of significant places 
retained in the rounded off value should be the same as that of the specified value in this standard. 
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Indian Standard 

CHARACTERISTIC PARAMETERS OF STAND 
ALONE PHOTOVOLTAIC (PV) SYSTEMS 

1 Scope 

This International Standard defines the major electrical, mechanical and environmental 
parameters for the description and performance analysis of stand-alone photovoltaic 
systems. The parameters as listed are presented in a standard format for the purposes of 
procurement and performance analysis: 

- measurement of short- and long-term on-site photovoltaic-system performance; 

- comparison between on-site measured and projected performance, both extrapo- 
lated to standard test conditions (STC). 

Specialized documents related to specific applications and/or to specific uses (designing, 
performance prediction and measurement) may be issued, if necessary. 

NOTE - The minimum requirements, when applicable, are represented in boxes in the figures and the text. 
Recommended optional requirements are also given. 

Example 

minimum requirement 



U^ nominal voltage 



W Weight optional requirement 

The numbering of subclauses Is arbitrary and may not be the same for specific data 
sheets. 

2 PV-system description 

2.1 Array field 

See annex A for example of array field components. 

2.1.1 Modules 

Its characteristics as defined by the data sheets 



^max P®^"^ power at STC (W) 

^m overall area (including frame) (m^) 



2.1.2 Panels 

n number of modules in a panel 

A overall panel area (m^) 

(including frame, module inter spacing, 
reflectors, etc.) 

1 
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2.1,3 Array 



N, 



M 



number of modules 
overall area 



(m^) 



2.1.4 Array field 



N. 



IT) 



A/_ 



total number of modules 



total panel number in PV array field 



p m 



''o 


nominal peak power 


(W) 


A 


Po - «m ''max 

overall area A equals the 

sum of array areas 


(m^) 


- 


design wind speed 


(m.s-^) 


- 


design snow load 


(kg- m-2) 


fo 


open-circuit voltage 


(U) 



2.1.5 Orientation 



p 


titled angle from horizontal 


(degrees) 


a 


azimuth 

from south In northern hemisphere, 
from north in southern hemisphere, 
negative to east, positive to west 


(degrees) 


- 


tracking, if applicable 




— 


adjustable orientation, if applicable (number of the 
yearly adjustments and duration of each period) 





2.2 Storage sub-system 

See annex A for example of storage sub-system components. 

2.2.1 Cell 

Its characteristics as defined by the data sheets 



^n 


nominal voltage 


(U) 


^10 


nominal capacity 


(Ah) 


^100 


rated capacity (1 00 h rate) 


(Ah) 


- 


type of electrochemical cell 
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2.2.2 Battery 



n^ number of cells (series connected) 




n^ number of batteries connected in parallel 




I/q or U|4 nominal voltage 


(U) 


Us-n "n 




t/f final voltage at end of discharge voltage 


(V) 


C^QQ rated capacity (1 00 h rate) 


(Ah) 


at nominal temperature 


CO 



w 

V 



weight 
volume 



(kg) 
(m3) 



2.2.3 Storage control unit 

Its characteristics as defined by the'data sheets 



presence of over charging control device 
presence of deep discharge control device 



presence of monitoring and safety devices 



". 


nominal voltage 


(U) 


^nax 


maximum Input voltage 


(U) 


— 


maximum controlled power 
during charge and discharge 


(W) 


~" 


maximum controlled currents 
during charge and discharge 


(A) 
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2.3 Energy control and conversion 

2.3.1 inverter 

Its characteristics as defined by the data sheets 



- 


nominal output power 


(W) 


— 


maximum output power 

and specified time period allowed 


(W) 


^ 


input voltage 


(U) 


imax 


maximum input voltage 


(U) 


imin 


minimum input voltage 


(U) 


^o 


output voltage 


(U) 


f 


frequency 


(Hz) 


- 


type of wave 




- 


number of phases 




- 


total harmonic distortion 





2.3.2 Other devices 

(Maximum power point tracking - MPPT - DC/DC converters, etc.) 

Their characteristics as defined by the data sheets 



nominal output power 


(W) 


input voltage 


(V) 


nominal output voltage 


(V) 


^min' ^max ^^^^"^^"^ ^i^d minimum Input voltages 


(U) 


Lin. L*v maximum and minimum Input currents 
mtn max "^ 


(A) 


frequency (steady state) 





NOTE • For 2.3.1 and 2.3.2 characteristics are as defined in lEC publications (under consideration). 

2.4 Loads 
2.4.1 Entire load 



nominal global energy demand profile during 
reference time period 

maximum projected required power (W) 

maximum and minimum projected currents (A) 

minimum and maximum allowed voltage (V) 
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2.4.2 Each load 

Their characteristics as defined by the data sheets. 

nominal input voltage (U) 

minimum and maximum input voltages (U) 

nominal input power (W) 

maximum input power (W) 

nominal input current (A) 

maximum input current (and duration) (A) 

nominal cos 9, if applicable 

load characteristics (constant power, 
constant impedance, etc.) 

type 

form of end-use energy (electrical, mechanical, 
thermal, radiant, hydraulic . . .) 

2.5 Backup generators 



- 


type and functions 




- 


nominal power 


(W) 


- 


nominal voltage 


(U) 



NOTE - A backup gonerator i« not designed to contribute to the total electrical energy delivery during the 
reference period. 

2.6 System electrical layout 



2.6.1 


Schematic block diagram 


2.6.2 


Array cabling 

(schematic block diagram with dk>des) 


2.6.3 


Protection and safety devkses - Overall layout 



with tocation of: 

equipment protedtons 
personnel protectk>n$ 
overvoltage and lightning protecttons 
grounding 



others 
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3 Environmental parameters 

3.1 Time periods to be considered 
3.1.1 Reference period 



Time period being used to calculate and design the PV-system. Pro- 
jected performance shall be obtained during this period. ^ (hours) 
and N^ (days). 

In the case where the reference period is longer than three months, it 
is recommended to give mean and monthly performances. 



3. 1 .2 Period of intended use 

During such a period energy delivered by the PV-system is expected to be consumed. 
Such periods could be based on: 

- days 

- weeks 

. seasons 



3.2 Site 



_ 


latitude, longitude 


(degrees) 


- 


altitude 

(mandatory if limits are imposed) 


(m) 


'^amd 


mean daylight ambient temperature during 
the reference time period 


CC) 


'amj 


mean daily ambient temperature during the 
reference time period 


(X) 


- 


on site maximum ambient temperature* 


ro) 


_ 


on site minimum ambient temperature* 


c*c) 


V 

max 


on site maximum wind speed* 


(m.s-') 


during the reference period 




— 


mean annual wind speed 


(m.s-^) 



overall site layout 

ground area occupied by the PV-System 



(ma) 



NOTE • These parameters may be determined by mutual agreement and should be, if a specific site is 
Imown, in the closest accordance with available meteorological data and/or local design codes. 
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3.3 Reference pyranometrtc data 

G global irradlance on horizontal plane (kW • m~^) 

H global irradiation on horizontal plane (kWh • m'^) 

arKi the foltowing indexes will be used: 

I in plane 

dir direct 

d'rf diffuse 

N normal 

Two curves shall be defined, considered as reference curves by agreement between 
manufacturer and purchaser of the PV-System: 

G global irradiance on horizontal plane (W • m~^) 

versus time during a day 

G| in plane total irradiance (W/m^) 

versus time during a day 

These two curves shall be representative of a mean day. (See also "Solar day". lEC 
publicatton under consideration.) 



H mean horizontal daily global (kWh • m~^ per day) 

inradiation during the 
reference period 

H| mean in plane daily^ global (kWh • m~^ per day) 

irradiation during the 
reference period 



^iHif mean in plane daily diffuse irradiation (kWh • m~^ per day) 



during the reference period 



^imax maximum in plane daily total irradiation (kWh • m~^ by day) 

occurring at least one time in the reference 
period 

Jq number of consecutive days without direct irradiation. 

occurring at least one time during the year and probable 
period during the year 

4 Performance parameters 

All the parameters introduced in the following section may be obtained either during the 
design stage or as the result of evaluation tests. 

The following are not provided: 

- methods of computatton to obtain the at)ove-mentioned parameters. 

- methods of extrapolation to the reference conditions, 

- limits of acceptance {accuracy, tolerance, etc.) of parameters resulting from 
checking. 

7 
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The above information may be subject to agreement between the manufacturer and the 
purchaser of the PV-System. or else based on standards whether existing or yet to be laid 
down (lEC publication under consideration). 

4.1 instantaneous performance (power related) 
4.1.1 Array field 



Nominal and/or minimum PV curves at the end of array field, before storage unit 
and before inverter and loads, for follwing irradiance and temperature conditions: 

a) in plane irradiance 

values: 1 000 W • m'^ 

.-2 



800 W . m 
500 W • I 
b) corresponding cell temperature 



500 W • m~^ 



T^ for T^^^^ « 20 "C and wind speed of 1 m • s 



-1 



^clOOO 
^cSOO 



Recommended additional irradiance values 
250 W • m"* 
100 W . m'^ 

4. 1 .2 Storage control unit 

(<J) Voltage control levels (V) 

at r^^^ « 20 'C. r^^ maximum, T^^, minimum 

^a)h upper alarm level 



t/j, ' upper oontrol level* (voltage level when stopping storage charge) 
Up voltage oonirol level (voltage level when restarting storage charge) 

U^ nominal voltage level 

U^ voltage lever restarting storage discharge 



^aib *^^*' ***"" '*^' 



a, lower oomrol level* (voltage level when stopping storage discharge) 



'b 



1 



* Mandatory wtian ttwaa lawalt •litt. 
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type of control 



depth of battery discharge 






4. 1 .3 Storage sub-system 



at Tg^j and for conditions as defined in 2.4 



"a 


daily depth of discharge (% of C^q^) 
(d.o.d.) 


"a 


annual depth of discharge (% of C^qq) 




at this discharge level storage unit voltage value shall be 
higher than U^^ 



4.2 Cumulative performance during a time period (energy related) 

If not specified, projected performance during these time periods is given with backup 
generators disconnected. 

4.2.1 Short-term performance 

The following projected performance shall be given for total irradiations as follows: 



H: 



-2 



(kWh • m per day) 



H 



JM 



1.2 Hi 



-2 



(kWh • m per day) 



H,„ - 0,8 H; 



-2 



(kWh • m" per day) 



Electrical energies delivered by PV array at T ambient temperature, wind speed of 



-1 



1 m.s' and with following conditions: 

- at the point before storage unit and/or inverter and/or loads 

- including wiring and diodes losses 

- array nominal voltage of PV-system as defined by manufacturer, taking into account 
the voltage range of the PV-generator, load and battery. 

4. 2 . 2 Long-term performance (during reference period(s)} 

The following parameters shall be given: 



a) energies 








Irradiations to be used are: 








% 


sum of in plane total irradiations (kWh 
during the reference period (rp= reference period) 


m" 


■') 




H„ . LH, 








% 


sum of horizontal global irradiations 
during the reference period 


(kWh- 


m" 


-') 
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Parameters to be determined are: 



Kq orientation coefficient on the reference period defined as: 

E y electrical energy delivered by PV array (kWh) 

at array terminal under nominal conditions 

It is recommended that calculation hypotheses such as MPPT, fixed voltage, etc. be 
detailed. 

b) energy ratio 

Kq overall energy ratio 

with t equal to number of hours during the reference period 

c) efficiencies 

h^ photovoltaic array effective conversion efficiency (%) 

d) photovoltaic-system availability 

for the reference period and lor the reference energy demand profile: 



where 



e^^^ sum of hours of- non-availability of useful energy during the reference period 
due to voltage level lower than U^^ till the voltage level U^ is reached 

ef,p sum of hours of non-availability of useful energy during the reference period 
due to PV-system breakdowns and repairs 

£(,5 sum of hours of non-availability of useful energy during the reference period 
due to PV-system maintenance 

^hu ^""^ ^^ hours of electric energy demand during the reference period, deduced 
from the reference energy demand profile 
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Annex A 

Array field and storage 
sub-system components 



Array 1 ' 



Array 2 



Array 3 



Array sub-field 



Module 




Sub-array 



Figure A.1 - Array field components 



Battery 1 



Battery 2 



Battery 3 



* N Storage sub-unit 




Cell 



\ Storage system 



mC 1 306192 



Figure A.2 - Storage sub-system components 
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